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NOTICE

This report was prepared as an account of Government-sponsored
work. Neither the United States, nor the National Aeronautics and Space
Administration (NASA), nor any person acting on behalf of NASA:

A. Makes any warranty or representation, expressed or implied,
with respect to the accuracy, completeness, or usefulness of the
information contained in this report, or that the use of any infor-
mation, apparatus, method or process disclosed in this report may
not infringe privately-owned rights; or

B. Assumes any liabilities with respect to use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used above, ''person acting on behalf of NASA'", includes any employee

or contractor of NASA, or employee of such contracter, to the extent that
such employees or contractor of NASA, or employee of such contractor pre-
pares dissiminates, or provides access to, any information pursuant to his
employment or contract with NASA, or his employment with such contractor,




ABSTRACT / g/ 5/4][

This report describes the work and results of an
investigation on the use of spinel additives to nickel
hydroxide electrodes. The objective of the investigation
was to determine if one or more of these additives would
give nickel hydroxide electrodes with improved reversi-
bility on charge and discharge. With the exception of
scandium, no marked effect on reversibility was found,
the scandium appears to decrease the overall utilization
and is thus unattractive as an additive,

//’/) ’/// /
4

e Ll

ii




TABLE OF CONTENTS

Title Page .

Abstract.

Table of Contents,
List of Figures,

List of Tables .

1.0 INTRODUCTION
2.0 TECHNICAL .

2.1 Additives.
2.2 Spinels.

3.0 EXPERIMENTAL .

3.1 Materials e
3.2 Electrode Preparation.
3.3 Test Equipment.
3.4 Test Procedure.

4,0 RESULTS.

iii

Page

ii
iii

iv

p—

gy Oy W

10
10




Figure

1

2

3

4 thru 42
43 thru 53
54

LIST OF ILLUSTRATIONS

Title

Impregnation Apparatus
Test Cell

Test Cell Parts

100 MA Test Curves

50 MA Test Curves

Experimental Cells

iv

18
19
20
21-959
60-70
71




Table

I1
111
v

VI
VII

LIST OF TABLES

Title

Effect of Scandium Content on Reversi-
bility

Partial Listing of Spinels

Composition of Impregnation Solutions
Didymium Hydrate Composition
Summary of 100 MA Tests

Summary of 50 MA Tests
Experimental Cell Data




MR st e e . L e, e—— . el L AT popm s u .t . P A+ & ST e . s

1.0 INTRODUCTION

Interest in modifying the electrical behavior of the nickel hydroxide
electrode used in nickel-cadmium cells comes from the desire to improve
these cells for use in space and other premium applications. The use of
nickel-cadmium cells in space applications, for which their charge and dis-
charge characteristics, considered by themselves, would not immediately
recommend them, depends upon a combination of other factors, which
although individually are not unique to the nickel-cadmium cell, do not yet
exist in fully proven form in any other cell system. These characteristics
are the ability to withstand many thousands of charge-discharge cycles
without maintenance and appreciable change in electrical properties while
operating in a fully sealed condition and accommodating moderate rates of
overcharging. A major difficulty in using the nickel-cadmium cell is the
relatively large irreversibility of the cell voltage between charge-discharge
in a cell of relatively low operating voltage. This irreversibility is evidenced
by the substantial difference in the average voltage levels during charge
and discharge at the same current. Studies have shown that most of the
irreversibility shown by the cell is associated with the nickel-hydroxide
electrode,

A possible means for modifying the behavior of an electrode is the
use of an additive which will modify the electrode response. Improved re-
versibility in an electrode can be obtained by using a catalyst to speed up
the limiting reaction involved in the irreversibility; however, in the case
of the nickel-hydroxide electrode, no universally accepted theory exists
explaining the observed irreversibility. In fact, there is no universally
accepted theory on how the electrode charges in the first place.

2.1 Additives

Historically, the use of additives in the nickel-hydroxide electrode,
particularly cobalt, is well known. The beneficial aspects for cobalt are
better retention of charge and longer cycling life. Little work has been
done with additives other than cobalt, so there was little precedent for
selecting additives to try in the program. The examination of the little
data available indicated that additions of spinels might be helpful in improving
electrode performance, and our study was based on the use of this type
additive., With respect to improving the voltage reversibility, the spinels
are not effective. They may have other beneficial effects, but as of this
date, these are not known,

+
Doran1 has reported that the addition of magnesium (Mg 2) or

1. R.J. Doran, Paper presented at Third International Battery Symposium,
Bournemouth, England; October 1962,
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scandium (Sc+3) ions to the nickel hydroxide greatly improves the electro-
chemical behavior of the electrodes. He claims that the presence of 20
mole per cent scandium hydroxide inthe nickel hydroxide used to impreg-
nate the electrode gives a substantial elevation and smoothing of the working
potentials; the elevation is greater for discharge than charge. No significant
reduction in usable capacity was reported in spite of the fact that scandium
is electrochemically inactive and only 80% of the normal quantity of nickel
hydroxide was present. The effect of temperature on the doped electrodes
was reported as being much less than for the undoped electrodes; the
difference between charging and discharging voltages was con81derab1y less
for the doped electrodes for all temperatures from -25°C to +50° C, although
the improvement shown at -25 °C is not large.

Table I, taken from the paper by Doran, shows the reversibility
improvement claimed for the scandium-doped electrode. The potential
differences between the charge and discharge curves at the 50% charge
point are listed.

TABLE 1

EFFECT OF SCANDIUM CONTENT ON REVERSIBILITY

Cation % Sc 0 2.9 b 10 15 20 25

AV (mv) 130 85 75 65 65 65 65

Our work has only partially confirmed Doran's work, but there is undoubtedly
some beneficial effect in adding scandium to the electrode.

The mechanism by which the addition of foreign ions to the electrode
active material improves the electrode performance is as yet not resolved.
A possible theory is based on the fact that the foreign ions known to improve
electrode behavior can form mixed oxides with nickel. These mixed oxides
are probably low-temperature spinels, which are known to possess a number
of electrical and magnetic properties not shown by the simple oxides. Work
in the Advanced Technology Laboratories of the General Electric Company
has shown that many spinels are active catalysts for the decomposition of
peroxyl ion (HO ") in basic solutions. Peroxyl ion forms at a much lower
electrode potential than Ni(III), and can react with nickel (III) to form oxygen:

. - . + -
N1203 + 2H20 + HO2 —_— O2 + 2 Nl(OH)2 OH

Any interference in the formation of peroxyl ion would be expected
to have two effects leading to improved electrode performance:




1. The oxygen evolution reaction mechanism involving interaction of
peroxyl and nickel (III) would be disrupted with consequent improve-
ment in current efficiency since current is not used to create the
peroxyl ion and the nickel (III) ion reacting with it,

2. The potential of the nickel electrode will rise because the reaction
occurring at lower potential is not present. When two simultaneous
reactions occur, the electrode potential normally falls between the
potential at which each reaction occurs.

The formation of peroxyl ion at an electrode is inhibited by a large
activation energy requirement. The formation reaction is autocatalytic,
at least for small concentrations of peroxyl ion. The inclusion of an active
peroxyl ion decomposition catalyst in the electrode structure, such as a
spinel, would block the formation of peroxyl by reducing and keeping the
concentration of this ion at a very low value., The observed effect of use
of spinels in an electrode should therefore be the elimination of any reactions
involving peroxyl ion. This could raise the discharge voltage of the electrode,

If the irreversibility of the nickel-hydroxide electrode is due fo a
mechanism involving peroxyl ion, the use of spinels in the nickel hydroxide
used to impregnate the electrode would be expected to give an improvement
in electrode reversibility. No marked effects were found, hence the partici-
pation of a peroxyl mechanism is essentially ruled out in the behavior of
the nickel-hydroxide electrode on charge or discharge.

2.2 Spinels

Spinels are a group of metal oxides that form crystals in a special
crystal lattice characterized by a unit cell containing 32 oxygen atoms in
a cubic, close-packed arrangement, with 64 tetrahedral and 32 octahedral
sites available for the metal ions, which generally are of two valence types.
Normally, the metal ions occupy eight tetrahedral and sixteen octahedral
sites; the structure can be normal or inverse depending upon the distribution
of the two types of cations between the sites., The number of spinels which
can occur is very great, particularly as many of the simpler ones can be
mixed to give a wide range of solid solutions., Table II gives a partial list
of the spinels which gives an idea of the possibilities using these compounds
for electrode additives.




TABLE II
PARTIAL LISTING OF SPINELS

Valence Formula Examples
X ion Y ion
1 3 XY5O8 Li Fe508, LiAl 08
1 4 X4Y5012 L14T15O12
1 6 X2YO4 Ag I\/IoO4, NaZWO
2 3 XY?‘O4 MgA1204 (Spinel), FeFe2O4

("Magnetite'"), ZnFe,O,, and

generally the ferrites; chro-
mites, aluminates, gallates,
and indates of divalent metals.

4 . .
2 X2YO4 Mg2T104 and other titanates
- 3 X203 y - Al O s VT Fe203,

Y - Mn:ZO3

The formation of spinels at low temperatures (below 1OOOC) is
observed for many of the combinations; however, many spinels require
firing at elevated temperatures before definite spinel formation is observed.
In our experiments, spinels formed in situ were of necessity the low tempera-
ture type since heating of the electrode is not possible,

Experimentally, we have iried adding the spinels to the nickel hydroxide
in three ways:

A. Adding the nitrate of the ion which could form a spinel with
nickel (II) or nickel (III) to the nickel nitrate impregnating
solution. The mixed hydroxides are then precipitated in
the plaque, and spinel formation, if any, takes place during
the subsequent treatment of the electrode.

B. Adding the mixed nitrates of the ions forming the gpinel to
the nickel nitrate impregnating solution and proceeding as
for ""A'"., Here the amount of spinel formed is probably
small, but is intimately mixed throughout the electrode,




C. Adding the preformed, fired spinels to the nickel nitrate solution
as a suspension of fine powder and trapping fhe particles in the
precipitation step. Here the amount of spinel is large, but may
be poorly distributed.

3.0 EXPERIMENTAL

3.1 Materials

The test electrodes were made from unimpregnated sintered-nickel
plaques of the BB405 size (1 5/8'"'x 2 7/8'"). These plaques were standard
SAFT! vO positives, made at General Electric's Gainesville Florida Plant.

The impregnating solutions were made up to a total of S5M metal ion
content. The solutions were made from cobalt-free, reagent grade Ni(NO,),*
32
6H O as follows:

2
no additives 1460 g/1 Ni(NOS)Z- GHZO
10% " 1310 g/1 "
15% 1230 g/1 "
207 1163 g/1 "

Three milliliters of concentrated (80%) nitric acid per liter of solution

were added. The additives studied are listed in Table III. Except as noted
below, all chemicals used were reagent grade material obtained from Fisher
Scientific Company.

The scan rom
United Mineral and Chemical Corporation. The oxide was dissolved in an
excess of hot nitric acid, and the solution evaporated to incipient dryness
before adding to the nickel-nitrate., This reduced the free acid level to a
low value,.

andintmm owide 1eed wr 0 5o a3 caTn 3 + 11 F
ndium oxide used was 99. 5% pure commercial material f

The gallium and indium oxides used were commercial material from
Chemical Procurement Laboratories. These required prolonged digestion

1. SAFT is the abbreviation for Societe des Accumulateurs Fixes et de
Traction, S.A. Paris France - General Electric manufactures nickel-
cadmium cells under a SAFT license. VO is the designation for flat
plate cell material; the positive type has 80% porosity.




TABLE III
COMPOSITION OF IMPREGNATION

SOLUTIONS
Cod Name Additive Possible
Compound g/l Spinel
None _— _ _—
B 10Co Co(NO,_).+6H.O 146 Ni Co_O
20Co " 3°2 2 292 w24
C 10Sc Sc 34,5 Ni Sc O
15Sc 213 51. 8 w24
20Sc " 69.0 "
D 10Mg Mg(NOB)z- 6H20 178 Mg N1204
20Mg " 256 "
E 10Mn MD(N03)2 (1) 179 Mn N1204
F 10Ce Ce (NOS)S' 6H20 154 Ni Ce204
G 10Fe Fe(NO3)3 . 9H20 202 Ni FeZO4
H 10Cr Cr(N03)3 . 9H20 200 Ni Cr204
I 10Al1 Al(NO,),*9H.O 188 Ni A1.O
20A1 w33 2 376 n 274
J 10Di Di(OH)3 (2) 95.5 Ni DiZO4
K 10In In203 69 Ni In204
L 10Mo (NH4)2MOO4 89 Ni MoO4
20Mo " 177 "
M 10VO VOS. O4 100 Ni VO4
N 10Y Y_O 57 NiY_ O
20 _Y 2 ”3 114 (R 2 4
O 10Co0Al Co(NO_)_ +6H O+ 146 CoAl_ O
3.2 H2 n 2 4
Al(NO3)3 .9 2O 375
20Co0Al Co(NO3)2- 6H20 292 "
Al(NO3)3. 9H20 750
P 10Ag Mo AgNO3 + 340 Ag2M004
(NH4)2MOO4 89




Code

3w

<

AC
AE
AF
AG
AH
Al

AJ

(1) Obtained as 50% solution,
(2) Didymium hydrate, see text for discussion.

Name

10CdZr

10MgAl

20MgAl

10s

1 Rh

1 Pd

1 1t

1 Ru
10CuWX(3)
10ZnTiX
10CoAIX
10Mig AIX

10CdZrX
10CoCrX
10Sc  (4)
15ScR
20ScR
10Ga

1Ir

Table TII con't

Additive

Compound

Cd(NO,,)
ZF()(’\I(S )

Mg(NO, ) 6H_ O+
AI(NO. T 2 90,

Mg(\*oj? 6ﬁ O+

.
Al(’\();s H

OsO4
HhCl,g

J
ld(-.\JOS)2

Pt Clb,-

+
HZO

P12 2H2()
Ru
Cu WO4
Zn TiO
CoAle4
Mg A1204
Cd22r04
COCI"ZO4
50203

1A
(18203
IrCl,

g/l

616
250

256
375
512
750

20
50
o0
10
156
121
89
71

190
114
34.5
51.8
69.0
47.0
50

IPossible
Spinel

CdzZr‘O4

MgALO,

"

none
none
none
none
none

Cu VV()4
ZnZTiO4
C02U204
Mg Alz()4

Cd27m()4
LOQ r'2()4
Nlbc204

1"

NT 4 N
N1 (132()4

none

weight given is solution weight used.

(3) Preformed spinels added as fine powders to nickel-nitrate impregnation
bath are shown by suffix X,
(4) Reruns are shown by suffix R.

with acid to get into solution,

before use.

The Di(OH)g is didymium hydrate,

the excess acid was removed as for the scandium

which is a mixture of rare earth

hydrates that is left from rare earth ores after removal of cerium and non-rare

earth metals.

Our sample was from Davison Chemical Company and had the
approximate composition, expressed in oxide equivalents,

shown in Table IV,




TABLE IV
DIDYMIUM HYDRATE COMPOSITION

(Approximate)

METAL OXIDE PER CENT
Lanthanum La203 16.9
Cerium CeO2 0.5
Praseodymium Pr601 1 3.5
Neodymium Nd203 12.0
Samarium Sm 203 2.0
Gadolinium GdzO3 1.3
Yttrium Y203 0.2
Other rare earth's oxides 0.6
Foreign metal Ca, 2.4

Fe, etc. oxides

The remainder is made up of combined water to form the hydrates:

. + .
D1203 3 HZO — 92 D1(OH)3
In use, the hydrate was dissolved in a slight excess of warm, dilute acid and
then added to the nickel nitrate solution.

The platinum metal additive starting materials were all obtained from
Englehard, The chlorides were boiled repeatedly with nitric acid to remove
the bulk of the chloride ion; the ruthenium metal was dissolved in aqua regia
and the chloride solution repeatedly boiled with nitric acid. In no case
was all of the chloride ion removed below detection level, but the final con-
centrations were quite low. This removal of chloride was felt necessary to
prevent confounding the data with another variable.

The preformed spinels were purchased or made from the corresponding
nitrates as described below. The cobalt molybdate was obtained from Chemical
Procurement Laboratories, the cuprictungstateand cobalt aluminate were
obtained from K and K Laboratories, Inc., and the zinc titanate was supplied
by Titanium Alloy Division of National L.ead Company. The other preformed
spinels tested (i.e. magnesium aluminate, lithium alumino-aluminate,
cadmium zirconate, and cobalt chromite) were made by dissolving the correct
proportions of the metal nitrates in warm water, and carefully drying the
solution to obtain the mixed nitrates. These were then calcined at 400° to 500°C

8
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to drive off the nitrogen oxides, ground to -350 mesh, refired in oxygen at
550°C for one hour, and reground to -350 mesh for use. The purchased
spinels were also ground to -350 mesh prior to use. The compounds all
showed the presence of a spinel lattice in X-ray diffraction tests.

The mercuric oxide-mercury reference electrodes were made using
an 8 mm glass tube with a platinum lead. A layer of purc mercury covered
this lead; a layer of a mixture of mercury and red mercury oxide was placed
on this. A separate electrode was used in each test, and the 50 odd electrodes
prepared matched each other within a millivolt in 31% potassium hydroxide,
The reference value referred to hydrogen was 0,800 +0, 001 volts in the 31%
hydroxide at room temperature. Repeat measurements using the hydrogen
electrode gave the same results within one millivolt, The hydrogen electrode
is relatively unstable in strong caustic solutions.

The 31% potassium hydroxide solution was made by diluting reagent
grade 45% solution; the sodium hydroxide solutions used were made up from
reagent grade pellets. The carbonate impurity level in the dilute potassium
hydroxide was 5-8% at start of cycling tests, and increased to ca. 10% at
the end of the tests.

3.2 Electrode Preparation

Usually two electrodes were impregnated at the same time. The
starting sintered plaques were marked for identification and weighed to 0. 01
gram. They were then placed in a holder and inserted in a small resin jar
that could be sealed, evacuated, and heated as desired. The assembled
apparatus is shown in Figure 1. The heated separatory funnel at the top
was used to bring the impregnation solution to temperature and was fitted
with a stirrer (not shown) to assure complete mixing of the solutions just
prior to adding them to the electrode holder. The holder was a lucite box
and is just barely visible above the top of the resin jar heating mantle inside
the jar. A Tygon tube was used to direct the flow into the box. A stainless
steel dial thermometer was used to measure the temperature.

The electrodes were heated to 65° - 70° under vacuum, and the pre-
heated, well-stirred, nickel-nitrate impregnating solution was pulled into
the electrode holder. The electrodes were allowed to soak under vacuum
for 5 minutes, then the solution was removed and the electrodes were dried
under vacuum for 20-30 minutes at 60-70°C. The electrodes were then
immersed in warm 25% sodium hydroxide to convert the nitrates to hydroxides,
and washed with distilled water. The electrodes were elecirochemically
cleaned to remove the final traces of nitrates by electrolysis at 1 ampere
for 4 hours in 26% sodium hydroxide. The solution was then replaced, and
the electrolysis repeated for one hour in fresh sodium hydroxide solution.
The electrodes were then washed thoroughly with distilled water and dried
in air at room temperature. The electrodes were then reweighed and were
stored in closed containers until placed in a cell, This procedure closely

9
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follows plant practice except that only a single impregnation is used instead
of the multiple ones normally performed. The single impregnation gives
useful test results with minimum expenditure of time.

After assembly into a cell, the electrode was formed by charging at
100 ma. for 16 hours and discharging at 100 ma for 8 hours.

3.3 Test Equipment

The test cell is shown in Figure 2, The cell housing is made of
Lucite. In use, the test electrode is placed between two standard negative
electrodes, with a reference electrode at one edge. The cell is filled with
31% potassium hydroxide, and sealed by waxing the Lucite cover on and
plugging the holes with wax. Figure 3 shows the component parts of the
cell, The reference electrode shown at the bottom of the figure fits into
the center hole of the cell cover into a well in the holding block of the cell
body. The electrodes are kept separated by using slotted holders.

The cells were charged and discharged at constant current, using
standard current sources (Harrison 865B). The reference-test electrode
potential was recorded using a Hewlett-Packard model 412 voltmeter as
buffer amplifier and a Leeds and Northrup model H recorder. Cycling
was controlled with a cam cycling timer and appropriate relays. Three
cells could be tested at one time,

3.4 Test Procedure

One electrode from each pair was tested using a 100 ma discharge.
The charge and discharge times were adjusted to give complete charge and
discharge of the electrode. The 100 ma current corresponds to about a
C/3 rate. Nine to ten test cycles per electrode were run. Figures 4 through
42 give the normalized curves for the tests; the curves for the nickel-hydroxide
electrode without additive are shown for comparison. The normalization
was on capacity; this allows direct comparison between the various electrodes
and the charge-discharge parts of the cycle. The data used are for a typical
curve for the electrode; the results were generally reproducible to +10
millivolts. Figures 43 through 53 give the curves for electrodes with
selected additives at 50 ma charge and discharge, In these tests, the second
electrode of the pair made was used.

These curves are presented so that the basic data generated in the
project are available to other workers.

4,0 RESULTS

The voltages at midpoint of the charge or discharge curves were com-
pared for each test. The 100 ma results are given in Table V, the 50 ma
results are given in Table VI, In the tables, the per cent utilization was

10




TABLE V
SUMMARY OF 100 MA TESTS

Utili- Midpoint Voltage
Code |Name zation vs g, HgO
%o Charge Discharge
A None (1) 0.81 0.470 0.370 0.100
B 10 Co 0.76 0.460 0,350 0.110
20 Co 0.76 0.440 0.340 0.100
C 10 Sc 0.53 0.490 0.380 0.110
15 Sc 0.45 0.490 0.410 0.080
20 Sc 0.42 0.490 0.440 0. 050
D 10 Mg 0.79 0.490 0.400 0. 090
20 Mg 0.58 0.490 0.400 0. 090
E 10 Mn 0.68 0.445 0.320 0.125
F 10 Ce 0.84 0.470 0.375 0. 095
G 10 Fe 0.40 0.480 0.370 0.110
H 10 Cr 0.78 0.470 0.380 0. 090
I 10 Al 0.70 0.470 0.390 0. 080
20 Al 0. 96 0.460 0.370 0. 090
J 10 Di 2.10 0.490 0.380 0.110
K 10 In 0,57 0.470 0.360 0.110
L. 10 Mo 0. 66 0.480 0.380 0,100
20 Mo 0,74 0.470 0.380 0.100
M 10 VO 1.25 0.460 0.360 0.100
N 10Y 0,74 0.460 0.360 0.100
20Y 0.70 0.480 0.370 0.110
O 10 Co Al 0.89 0.460 0.370 0.090
20 Co Al 0.95 0,440 0.350 0. 090
P 10 Ag Mo 0.51 0.420 0.350 0,070
Q 10 Cd Zr 0.88 0.470 0.360 0.110
R 10 Mg Al 0.67 0.470 0.375 0.095
20 Mg Al 0.69 0.490 0.390 0.100
S 1 0Os 0.92 0.480 0.360 0.120
T 1 Ry 0.39 0.510 0.420 0. 090
U 1 Pd 0.89 0.460 0.360 0.100
v 1Pt 1.10 0.470 0.370 0.100
Y 1 Ru (2) - - -
X 10 CoMoX (3) 0,84 0,480 0.380 0, 100
Y 10 CuW X (3) | 0.74 0.460 0.360 0.100
Z 10ZnTiX (3)] 0,72 0.500 0.400 0.100
AA 110Co A1 X (3) 0.92 0.470 0.360 0.110
AB 10 Mg A1X (3)| 0.91 0.425 0.380 0. 095
AC 10 Ti A1X (3) | 0.91 0.490 0.380 0.110

11




Table V con't

Utili- Midpoint Voltage
Code | Name ‘zation vs Hg, HgO

%o Charge Discharge Diff,
AD | 10CdZrX (3) 1.20 0.480 0.380 0.100
AE | 10CoCrX(3)| 0.85 0.480 0.380 0.100
AF | 10 ScR (4) 0.50 0.470 0.380 0.090
AG | 15 ScR (4) 0.51 0.470 0.390 0. 080
AH | 20 ScR (4) 0.52 0.480 0.430 0. 050
AT 10 Gy 1.04 0.460 0.360 0.100
AJ 11IR 1.14 0.460 0.350 0.110

(1) Standard electrode for comparison

(2) Not run because of severe degradation of
electrode plaque

(3) Preformed spinels added as fine powder to
nickel nitrate impregnation solution

(4) Rerun of this additive

12




TABLE VI

SUMMARY OF 50 MA TESTS

Midpoint Voltage (1)
Code | Name Utilizatio Charging Discharge Diff,

%o Pos Cell Pos Cell Pos |Cell
A None 0.84 0.480 1.32 | 0.380 [ 1,19 | 0.100 [0.13
D 10 Mg 0.92 0.510 1.40 | 0.410 1.26 | 0,100 0,14
I 20 Al 1.20 0.460 1.32 | 0.370 1.19 }0.080 ]0.13
J 10 Di 2.62 0.475 1.32 | 0,360 1.18 ' 0,115 {0.14
O 20 Co Al 1. 02 0.450 1.36 | 0.365 1.24 | 0.085 {0,12
P 10 Ag Mo 0.81 0.455 1.32 | 0.355 1.19 | 0.100 [0.13
R 10 Mg Al 0.95 0,480 1.34 | 0,380 1.22 | 0,100 {0,12
T 1 Rh 0.87 0.460 | 1.32 | 0.370 1.21 | 0,090 [0.11
V4 10 Zn Ti X (2) 0.91 0.485 1,37 | 0,390 1.26 | 0.095 [0.11
AF | 10 ScR (3) 0.24 0.530 1.33 | 0.485 1.21 | 0,085 i0.12
AG | 15 ScR 0.52 0.490 1.38 | 0.410 1.26 | 0.080 |0,12
AH | 20 ScR 0.70 0.495 1.32 | 0.410 1.17 | 0.085 |0.15

(1) Positive electrode values vs Hg, HgO references.

(2) Solid Spinel added as fine powders
(3) Rerun

13




calculated by assuming that the weight gain exhibited by the electrode was
all due to formation of nickel hydroxide; the theoretical capacity for the
electrode was calculated from this weight. The actual capacity was deter-
mined from the discharge curve. The true theoretical capacity is actually
very difficult to determine without destruction of the electrode, since some
of the nickel in the sinter is corroded during impregnation. A utilization of
75-85% is normal for fully impregnated electrodes.

The results show that only scandium gives an appreciable reduction
in the voltage difference; however, scandium electrodes show poor utili-
zation. The use of spinels is thus not beneficial to electrode performance
with respect to decreasing the voltage difference.

The effect of the additives on the charge curve is of interest. Some
of the additives, e.g. scandium, aluminum, magnesium, etc. give curves
in which the voltage rises to a final value without a marked inflection;
others, e. g., cobalt, cerium, didymium, etc. show a marked inflection in
the curve,

The specific summary of the effect of each additive follows:

Cobalt - This is a standard additive in commercial cells. Its use is based
on the improved capacity shown by the positive electrodes on cycling, and
improved charge retention. No effect on reversibility is observed.

Scandium - Only a part of the results reported by Doran are confirmed. The
marked reduction in capacity is noteworthy. In general, both the charge
and discharge voltage curves are elevated; this effect is more pronounced
for the 50 ma tests.

Magnesium - Only a modest improvement in voltage difference is shown;
capacity is maintained. An increase in electrode discharge voltage is

obtained.

Manganese - This is the only additive found which increased the voltage
difference significantly, and lowered the cell voltage.

Cerium - No effect on voltage difference or capacity.

Iron - This additive markedly lowers the capacity; this result has been
observed in previous work.

Chromium - This additive gave electrodes that required up to six charge-=
discharge cycles before reproducible behavior was obtained, Chromate
was observed (by color) in the electrolyte during these first cycles that
gave erratic results; no deposition of chromium (III) was observed on the
negative electrode.
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Aluminum - Some reduction in charging voltage noted, with a reduction in
voltage difference., Capacity retained.

Didymium - The results using this additive are puzzling. Its effect on cell
voltage and voltage difference is very small; however, the utilization is
excessively large, This increase in capacity cannot be explained by presence
of an oxidation-reduction couple in the additive, since only cerium and
praesodymium are known to charge valence readily and these are present
only in small amounts. A massive attack on the nickel sinter during impreg-
nation could explain the results; approximately 50% of the sinter would

have to be attacked to account for the capacity. Visual inspection of the test
electrodes,however, did not show more than the normal amount of attack,.
Time did not permit further investigation.

Indium - No effect on voltage difference and capacity.

Molybdenum - No effect on voltage difference and small apparent loss of
capacity.

Vanadyl - No effect on voltage difference; the large utilization is probably
due to attack on the nickel sinter,

Yitrium - No effect on voltage difference or capacity.

Cobalt Aluminate - Some reduction in charge voltage, and increase in
capacity.

Silver Molybdate - The electrode behavior corresponds to a composite
silver oxide-nickel hydroxide electrode.

Magnesium Aluminate - No effect on voltage difference and some loss in
capacity.

Platinum metals - No specific effect on voltage difference or capacity

except for rhodium. In the 100 ma test, the rhodium electrode voltage was
quite high; the second electrode used in the 50 ma tests failed to reproduce
this effect. The marked decrease in capacity may be related to the voltage
effect. Repeats of the impregnation also failed to confirm the first electrode
results.

Spinels - No specific effect on voltage difference or capacity was observed.
Zinc titanate gave an appreciable discharge voltage rise at 100 ma which
is confirmed by the 50 ma test.

Gallium - No effect on volitage difference or capacity.

Ten experimental cells with nickel hydroxide-additives electrodes
were prepared and shipped to the customer., Table VIl shows the data on

15




TABLE VII

EXPERIMENTAL CELL DATA

Voltage End of
Difference Discharge
Cell Additive Capacity at Midpoint Voltage (1)
1 15 Sc 2.0 0.16 1,08
2 15 Sc 2.1 0.15 1.17
3 15 Sc 2.2 0.16 1.10
4 15 Sc 2.0 0.16 1.11
5 10 Di 4,1 0.18 1.16
6 10 Di 3.6 0,12 1,11
7 10 Mg 2,95 0.15 1.10
8 10 Mg 3.1 0.15 1.10
9 10 Mg 2.7 0. 14 1.16
10 10 Mg 3.0 0.13 1.12

(1)

Voltage at knee of discharge curve.
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these cells. Figure 54 shows a picture of nine of these cells. These cells

are standard BB403 (nominal 4AH capacity) size and configuration. The
electrodes were given 6 impregnations, and standard negative electrodes
were used. The additives used were selected on the basis of raising the
cell voltage in the scandium and magnesium cases, and the peculiar capacity

effect in the case of didymium. The effect in the latter is not observed for
the multiple impregnated electrodes.

17




0cl

HOUVHDSIA - IDYVHD LNADYHAJ

Yol
o

01t 00T 06 08 oL 09 0¢s 0¥ 0¢ 0¢ 01
dLVH VIA 001
1S9, — — —
“ony N
} \ adaeyosi(q
S
—— P —_— — £
4 L — _
e
a— -
— T
— T 7]
// adaey)
HALLIQUV
LTVHOO %01
¥ J41DI1A

(9} [V v—
O o (&) ]

<

-
o
(8H - O3H) ONTUHAAHAY SA HAOHLOATI TAMDIN ADVLTOA

co
.
o




0ct

HODUVHOSIA - DYVHD LNHDYHIJ

011 00t 06 08 oL 09 0% 0% 0¢ 0¢ 01 0
0
ALVY VIAN 001
1°0
1S9, =~ =— —
mAmOZV IN
¢'0
/ \ adaeyosiqg

! [ .

el e €0
:.kl L1 1]
h | o -
S~
=% "0
&T. —_— - \
.\\t — m .O
/// 970
adaey)d
AAILIAAV
L1vd0OOD %072 L0
S HYNDIA

R - 8°0

(8H - O8H) IDNHTYHAATY SA HAAOHU.LOATH TAMDIN IDVIIOA




ADYVHOSIA - HDYVHD LNADYHHA

0c1 011 00T 06 08 0L 09 0S oy 0¢ 0¢ 01 0
AdLVd VIA 001
1S9, — — —
o N
\ adaeyosi(q
N 4
— — A |
——e——
~ - o —_
— — T <
.+ — —| T ~ /
— 7 ~
I'llTl’lll..l‘\\_.\l /.
/ adaeyn
AAILIAAV
IWAIANVIS %01
9 HY1DIA

=
(8H - O8H) IONIYHATY SA HAOHULDATH TAMDIN ADV.LTOA

‘0

23




HOUVHOSIA - dDYVHD LNADYHAJ

o
(3H - O8H) EONFHYHAATY SA HAOULODATH TAMNDIN ADVLIOA

0¢1 OlT1 001 06 08 0L 09 0¢ (054 0¢ 0¢ 01
dLVH VIN 001
189 — — —
4
| Eon) 1N
/ \ adaeyosi(q
N r
Sy, {I_- — X
— ~— 4 _
" —— — \
S S
—1 |~
ﬂ’ -t - ~
-t ~
- T |l* —
]"ll'l"a"ll'i./“
/ adaeyn
HAILIAAVY
INAIANVDS %02
8 AYNDIA




0cl

OIT

001 06

dOUVHOSIA - HDUVHD LNIDHAJ

08

oL

09

0§

0%

0¢€ 0¢ o1

!

AdLVYH VIN 001

1S9 — — —

¢EoN) N

\ adaeyosi(q

/
I
|}/
A

7

/\

AALLIAAY
IWAISANDVIV %01

6 Y4 1DIA

/ adaeyn

8

Vel

]

o

o

(=)

o

o

t~
=
(8H - OBH) IONHYHAHTY SA HAAOHLOATH TAMDIN ADVLTOA

‘0

26



IDYVHOSIA - HDUYVHD LNJIDYHd

0clt 011 001 06 08 oL 09 0¢ o¥ 0¢ 0¢ 01
dLVYH VIA 00T
1S9, == =— =—
o v
/ \ adaeyosig
N f
‘, Iy
,L ——
- T e
w——— {1 -4
~
—
JU S — e =] ~.
-_— — T =T
P - § —— e ] = L — — 1‘\
/ adaeyn
AAILIAAV
IWAISHUNDVIN %0¢
0T HdNDIA

- e uw <H o~ o —
) ) ) S ) ) )
(8H - O8H) ADNIHIAHTY SA HAOYULOATH THAMDIN ADV.LIOA

(=]
D
(e}

27



0clI 011 001 06

HDYVHDOSIA - IDYVHD LNIDYAd
0L

08

09

0§

oy

0¢ 0¢

oI

AdLVH VIA 001

ISANVONVIN %0T

[T H4d1DId

IS8 — — —
“Eon v
// \ adaeyosiq
<] \
] bl
¢ — — 4 -
S ———— m— —~ q ]
N - -t ‘/i\\\
] T /.
e g —t ] ——— T[T
o s
—
/ adaey)d
AAILIAAVY

S
(8H - O8H) IONTUHAAHY SA HAOYLDOATH TAMDIN ADVLTIOA

‘0




HOYVHOSIA - HDYVHD LNIADHYHEd

o)

)

o)

)

o

0c¢l 011 001 06 08 0L 09 0S 1) 0¢ 0¢ 01
l
|
ﬁ ALVYH VIN 001
1S3, — — —~
‘on) 1N
/ \ adaeyosi(q
) \
N S
-
= ~N
- %W ,/,
A“ e ——— |I|_
/ adaey)
JALLIAAvV

WATHHD %01

¢l AY9.DId

o

o

(8H - OBH) HONJYAATY SA AAOYLOATH TAMDIN ADVIIOA

™




021

dOHVHOSIA - HOYVHD LNJEDHAJ

011 001 06 08 0L 09 0¢ 0y 0¢ 0¢ 01
|
dLVY VIN 001
1S9 =— — —
‘Fony 1N
/ \ adaeyosiq
N
N
] ’ —
- S—
N -~ L
— e . N,
_ — — 4 — e —
o -t 1 T N
/ adaxeyd
JAILIAAV
NOHYI %01
€T 4YN1DId

o~
S
(8H - O8H) ONIHHAHTY SA HAOHULDATA TAMDIN IDVLTOA

8°0

30




0¢l

ADUYVHDSIA - ADHYVHO LNHDHYHAd

0711 001 06 08 0L 09 0S oY 0¢ 0¢ 01 0
dLVY VIA 001
1S9 — — —
¢Eon) N
adaeyosig
\
T e b o— — ]l”éll
— —
T~ ~ 1 \
adaey)d
dALLIAAY
INOTINOYHD %01
PT 49 1DI14

I~
o
(3H - O8H) ADNIAYHAATY SA HAOHLOIATH THAMDIN ADVLITOA

5 =]
o

31



0¢1

HOHVHOSIA - HDHYVHD LNHDYHJ

011 001 06 08 0L 09 0¢ 017 0¢ 0¢ 01 0
HLVY VIA 001
1S9, — — —
o N
\ adaeyos1i(q
B
~— _ \
i
— B e e s S
A e e @ e | \
/ adaeyn
HJALLIAAY
INANTINYTV %Ot
CT HU D14

(8H - OBH) IDONHYHIAHAY SA HAOY.LOIATH TAMDIN AOVILIOA




0¢cl

HADYVHOSIA - HOYVHDO LNIDYHd

011 001 06 08 oL 09 0¢ 037 0¢ 0¢ 01 0
0
dLVYH VIA 00T
I°0
189 — — —
¢Eon 1N
¢°0
\ adaeyosi(q
~|_ €70
Il.l’li” S
- 1 —1—=34¥ 0
J — -~
11T = \Fh ~
— —— — t—— e— -+ \l' - —
—_— \ G *0
// 9°0
adaeyd
dAILIAAV
INANTIN TV %072 L0
91 Y 11DI1Ad

- 8°0

(8H - O8H) HONHHYHAAAY SA HAOYLOATH TAMDIN IDVLIOA

33




0¢1

AOHYVHOSIA - UDYVHD LNEDYHJ

011 001 06 08 oL 09 0s 0% 0¢ 0¢ 01
dLVY VIA 001
1S9, — — —
“on
f \ adaeyosig
/ K
e el el — —
o -
S~
-+ N
\||\\|\ ll\lv"‘.[ —_t —
/ a8aeyD
HAILIAAV
INIATINAUIA %01
LT JY19DIA

o
(8H - O8H) IONTHHAATY SA HAOH.LOATH TAMDIN ADV.LIOA

34




IDYVHDSIA - HDYVHD LNUEDHYHAJd

35

0él 011 001 06 08 oL 09 0¢G 0% 0¢ 0¢ 01
HLVY VIA 001
1S9 — — —
NAmOZv IN
\ adaeyosi(q
&
e g r
lt - <
// adxeyd
JAILIAAVY
IWANIANT %01
8T HH1DIA

(8H - O8H) HONTHAAAY SA HAOHLOATH TAMDIN IOV.LIOA




HOUVHOSIA - HDYVHD LNHEDYAJ

021 011 00T 06 08 0L 09 0% 0% 0€ 02 01 0
ALVH VI 001
1S9, — =— —
Z
¢on) 1N
\ adaeyosiq
P ——— o 1
T ~ L1\\
-
\h BN T T - /
/ adaeyd
dAlLIaQAv
IWANHAJEXTOIN %0T
6T AHNDIA
L

o o o S S o
(3H - O8H) EONHYAJTY SA HAOHULOATH THAMDIN ADVLTOA

o

‘0

36




ADYVHOSIA - HDYVHD LNEDYHYHJ

o

]

o

o

o

021 011 00T 06 08 0L 09 0S o 0¢€ 0¢ 0t 0
ALVYH VIA 00T
1S9, = — —
¢Eon 1N
\ adaeyosi(g
// o k
— L _ 1 -
-l
i e = “t‘ll
i J
/ adaey)
dAILIAAV
NWNANIAIATOIN %0¢
0¢ U DI

(=)

]

(8H - O8H) HONHHHAAAY SA HAOH.LOATH TAMDIN ADV.LIOA




HOUVHDOSIA - HDYVHD LNHEDHAJ

0c¢1 011 00T 06 08 0L 09 0¢ o¥ 0¢ 0¢ 01 0
dLVY VIN 001
1S9 = — —
NAmOZv IN
/ \ adaeyosiq
ﬂﬁ k‘ T e — S —
—
—t | Y == b K =
—g— o — ¥
// adaeyd
JAILIAAV
TAAVYNVA %01
1¢ AYNDIA

t~ © To] < o [a\] - o
) S o o ) o o
(8H - O8H) ADNFYAAAY SA HAOULODATH TAMDIN ADV.LIOA

«©
(=]

38




HOYVHOSIA - IDYVHD LNHDHYHAJ

0¢l1 011 00T 06 08 0L 09 0¢ 0% 0¢ 0¢ 01 0
dLVY VIA 001
1S9, — — —=
¢Eon
\ adaeyosig
N
+~ | r
—_ - e —
T —
_ Sk
— [— T — - vt — S— |\t f/
d - AN
o 5
N\,
S a— g - \
/ adaeyd
AAILIAAV
INITYLLK %01
a¢ (THADIA

() b~ 2]
< o o

Ve
o
(8H - O8H) IDONAYHATY SA ACOULDATH TAMNDIN ADV.IIOA

—
(e}

[A\]
o

r~
[=]

[=o]
.
()

39




021

HOUYVHOSIA - ADYVHD LNHEDYAd

011 00T 06 08 0L 09 0S 0¥ 0¢ 0¢ 0l
dLVY VIA 001
1S9, =— — —
NAmOZV IN
\ adaeyosig
NS e
—— o Jllq
~ -
~
VAI
et \ = \
o a—
] e | = T /
/ adaeyn
JAILIAAV
INITY.LLX %0¢
6 ddDIA

8

‘0

(8H - O8H) HONIYAAAY SA HAOHLOATH TAMDIN ADVIIOA

40




HDOHYVHOSIA - HDYVHD LNADYAEJ

021 011 001 06 08 0L 09 0S 0¥ 0€ 02 01 0
0
<
Q
ALVH VIN 001 m
1°0
Q
s8] =— — — -~
“Fon N Z
2°0 A
adaeyosiqg =
/] -
o
3
~. £°0 O
o~ - -
y’ h— —_— e oy y \ "OG
. -
T e ~ - G
4 \*V 0w _
o - S A T
I e e T m— < 0
1 e e —— o
— ——— = — T ° H
S— . e m 0 o
t
joo]
t
\ 2
/ 9°0 O
adaeyd ol
AALLIAAY o
1]
‘ .n O
HLYNIINATY LIVEOD %01 L°0
o o
ve AU DI 0w
N 8°0




IOHYVHOSIA - HDYVHD LNJDOYHAd

0c1 011 001 06 08 0L 09 0¢ 1037 0¢ 02 01
ALVY VIN 061
1S9, — — —
2
AmOZV IN
/ \ adaeyosiqg _
A\L (
/] R -
I’ 4 T == o~ =] =
T ~L -
i
N -t
. - el 1 /
__ I S el e f— T - - -
— P ot - - T N
/j adaeyn
AALLIAAY
ALVNIIV.YTVY (L IVHOD wee
/ ce JTH DI
!
Lo R —— ;

(8H - O8H) FADNAYAAAY SA HAOHLDOATH TAMDIN ADV.LIOA




HOHVHOSIA - IDYVHD LNADYAJ

o

o

(=)

o

o

S

o

0Z1 01T 001 06 08 0L 09 0% 0% o€ 0z 01
ALVY VIN 001
1S9 — — —
¢Eon) 1N
’ adaeyosi(y
, (
S — 1 i —
— \“Iﬂﬂl..ll. pra——
e e e e
adaey)d
AALLIAAY
ALVAGATON HIATIS %0T
92 AHAOLI

(8H - O3H) AONHAHIAAAY SA AAOHLOIATH TAMDIN AOV.LTIOA

43




HOHVHOSIA - HOUYVHOD LNADHHAL

0¢1 01T 00T 06 08 0L 09 0S 137 0¢ 0¢ ot 0
0
dLVY VIN 001 -
1S9 — — —
Eon N
Z°0
adaeyosi(g
3 \ £°0
v°o
- .
- P —— S°0
_Il|
/ 9°0
adaeyn
JAILIAQAV
HLVNINNTTV E.\:mmZU«aE %0T L0
Lg HYDIA
. . N 8°0

(3H - O3H) ADNAYAJTY SA AAOULOATH TAMDIN AOV.LTOA

44




dOUVHOSIA - HDYVHD LNADHAJ

021 01T 001 06 08 oL 09 0S ov 0¢ 0¢ 01
ALVH VIN 001
1S9, — — —
EoN) N
f adaeyosi(q
N
L ~ y’%
e B T a4 ] —_ ‘T 1]1
e
e = - T 1" =~
o ] — o ] =
adaeyn
AALLIAQAdV
JLVNINATY WAISANOVIN %032
8¢ JY 19014

8

o =) = ) )
(3H - O3H) EONIYAJTY SA TAOULOATH TANDIN ADVLIOA

o

0

45




HdOHYVHOSIA - DHYVHD LNADYAJ

o

o

o

o

o

]

o

0¢l1 0TT 001 06 08 0L 09 08 0¥ 0¢ 0¢ 01
dLVY VIA 001
1S9, — — —
mAmOZv IN
’ \ adaeyosi(q
/ r
~
R gy R U . .
// adaeyn
AALLIAAY
INTINSO %1
6¢ THADIA

(3H - O8H) EONAHHAAHAY SA HAOYLOATH TAMNDIN AOV.LIOA




ADHVHDSIA - HDYVHD LNADYdd

o

(8H - O8H) IDONAHUAATY SA HAOYLOATH TAMDIN ADV.LIOA

0cl 011 001 06 08 0L 09 0¢ oy 0¢ 0¢ 01
HLVYd VIA 001
1S9, — — —
“Eon 1N
f \ adaeyosi(q
N
N —~
— T~ — —_—
T 0 =41 e
- S~ -
T
e .
I N P - ~
4T
/ adaey)
JALLIAAV
INAIAOHY %1
06 HdDIH




0¢1

ADYVHOSIA - HDYVHD LNUEDYHJ

01T 001 06 08 oL 09 06 oy 0¢ 0¢ 01
ALV VI 001
1S9 — =— —
¢Eon v
\ adaeyos1i(q
t' i et lW wor| v | —
- o
\
/ adaey)
HJALLIAAV
WNAIAVTIVd %!
g ddDId

8°0

(84 - O8H) IONFHYAATY SA HAOHLOATH TAMDIN EOVLTOA

48



HOUVHOSIA - HDYVHD LNIDYAJ

0c1 0Tt 001 06 08 oL 09 0¢ 037 0¢ 0¢ o1 0
HLVY VIA 001
1S9, — — —
“Eony 1N
/ adaeyosiqg
J’
—— —— -
pe e oEser Ty Sesy] EE o \‘
adaey)n
HAALLIAAVY
WANILLVId %1
¢f HdYN1DIA

[ Nel wn <t 3] [aM] — o
=) =) o ) =) o )
(3H - O8H) AONHTHAAFTY SA HAOULOATH TAMIIN ADVIIOA

s
(=)

49




0cl

HdOUVHOSIA - ADYVHD LNHDYAJ

o

)

(o)

0TI 00T 06 08 0L 09 0S 1) 7 0¢ 0¢ 01
ALVYH VIA 001
1S9], — ~— —
“Cony N
/ \ adaeyosiq
g —
Ih’. — JE I —t
1‘.1’ P

o

o

T\

HdALLIAAV
INAIATHT % T

€8 JHNDIA

adaeyD

[w)

[

(8H - OBH) ADNHYHAATY SA HAOYLOATH TAMDIN ADV.LTOA




0¢1

HdOYVHOSIA - DYVHD LNADYJAJ

011 001 06 08 0L 09 0S 0% 0¢ 02 01 0
0
<
O
=
ALVH VN 00T <
1°0 3
1S9, — — — o
NAmozv IN m
L/ 2°0 &
adaeyos1q <)
/ o
o
3
N r g0
~ -
o
- ~— m
¥0
— wn
&
= 50 3
S - — — - 3
By
\ 5
9°0 O
// adaeyd =
AAILIAAV =
TANILS ALVAIXTOIN &
LIVIOD %01 L0 7
ve dYNDIA o
. 8°0




0cl

HDHYVHOSIA - IDYVHD INHDHHEJ

011 001 06 08 0L 09 0¢ oY 0¢ 0¢ 01
JLVYH VI 00T
1S9, — =— —
NAmOZV IN
’ \ adaeyosi(q
~ - L vr
1’ h % L — em— —
PN s el o \
// adaeyd
AALLIAAV
"TUNIAS HLV.LSDONNL
214D %0T
GE HYNDIA

8°0

(8H - O8H) ADNIAHIAAY SA AAOULOATH TASMDIN ADVILIOA



dOHVHOSIA - DYVHD LNADYAJ
0¢l1 0TI 001 06 08 0L 09 0¢ 037 0¢€ 0¢ 01

ALVYH VAL 001

189 — — —

OAMOZV TN emc—

ﬂ \ a8aeyosi(y

Y

" —
i
+ Sy
— /Il

-

/ adaeyn

AANLLIAAV

THANIAS (T LVNV.LLL ONIZ %01

(8H - OBH) HONHAHYAAAY SA HAOY.LDATH "TIMDIN dDVLTIOA

9& YD1

2 a "




0¢l1

HOYVHDSIA - IDYVHD INEDYAJ

Ot1t1 001 06 08 0L 09 0S 037 0¢ 0¢ 01 0
dLVY VIA 001
1S9, — =— —
Eon
/ adaeyosi(q

-\

adaeyd

AATLIAAdY
TANIAS 3 LVNINATY

LIVdOD %O0T

LE HHYODIA

o o ) S S o
(8H - O3H) ONIAYFATY SA HAOHLOATI TAMDIN ADVITOA

o

54



0cl1

HDHUVHOSIA - IDYVHD LNEDYAEJ

011 001 06 08 oL 09 06 ov 0g€ 0¢ 0t 0
dLVYH VIA 001
189 — — ~—
(4
AmOZV IN
/ 9daeyosi(q
\
jv ~—
— Tt -+
T -
~ ~ \
—
2 N
A\
| \
adaey)
HALLIAQAY
TANIIS JLYNIINY IV
INIAISHNDVIN %01
86 dH1DIA

o o o o ) o

(8H - O8H) IDONIAHHAAAY SA AAOHULDATH TANMIDIN ADVLIOA

o

e



HdOUVHOSIA - §DHVHD LNADYA

0¢1 011 001 06 08 oL 09 0¢ 0} 0¢ 0¢ 01
ALVH VIN 00T
189 — — —
mAmOZv IN
/ \ adaeyosiq
N r
~
~ —
- T4 - == — =T
o~ -~
\lr‘ b
N
—_— L — —+ — - | 7T
Bl N \
/ adaxeyn
HAILIAAV
"TANIAS HLVNIINOTYV-ONIIN YTV
IWAIHLI'T %0T
68 HH1DIAg

1°0

¢'0

(8H - O8H) ONIUHAHAY SA HAOHLODATH TAMDIN ADVLIOA



021

HOYVHDOSIA - HDUYVHD LNADYAd

01t 001 06 08 0L 09 0¢ oy 0¢ 0¢ 0
HdLVY VIN 001
1S9 =— — —
NAmOZv IN
adaeyosi(q
N\
—-—
m— - T
adaeyd
AALLIAAVY
TTHUNIAS HALVNODYIZ
IVATINCEVY D %01
0f H1U1D1A

(8H - O8H) HONTAHHAHAY SA JHAOHLOATH TAMDIN ADVLIOA

I~




0cl

ADUYVHDSIA - HDYVHD LNHADYHHAJ

o

o

o

o

o

"TANIAS HLIINOYHD
LTIvVd0OD %01
v Jd1DId

01T 001 06 08 0L 09 0¢ (0% 0¢ 0¢ 01
dALVH VIN 001
1S9 — = =
“Eony N
\ aduaeyosi(q
//
— ey —— =
e e
\llt\ g
—— -1 ‘l‘l“!.lvn‘/
=TT \\ =
// adaey)
HJALLIAAY

o

(=]

(8H - O8H) IONIAHUAATY SA HAOHUHLDATH TAMDIN ADV.ILTIOA




0c1

ADYVHOSIA - HDYVHD LNHEDYHIAJ

011 00T 06 08 oL 09 0¢g ot 0¢ 0¢ 01
JdLVYH VIA 001
1S9, — — —~
“Eon) ™
/ \ adaeyosi(q
— === ] _
RS
— T
// adaey)
HAILIAAV
WAI'TTIVD %01
¢y AU 1DIA

(8H - O8H) ADNIYIAAY SA HAAOULDATH TAMNDIN ADVLIOA

29




HOHVHOSIA - IDYVHD LNADHAJ

6O

0¢1 011 001 06 08 0L 09 06 0]% 0¢ 02 01

HdLVYH VIAN 06§
1S9 ], = — —

cEon) N
\ a8aeyosi(q
=~ i R b A S
- = 1 lj
| T -
S~

b o | g

/ adaey)d

JdALLIAAV

INISHNDVIN %01

&F JY0D14d

(3H - OBH) AONIYAATY SA FAOHULOATH TANDIN ADVLIOA




AOHVHOSIA - §DYVHD LNADHAJ
0cl 01T GOl 06 08 oL 09 0s 0% 0¢ 0¢ 01

i i

dLVY VIA 0¢

G1

1S9 — — —
¢Eonin
/_ \ adaeyosiq
AL [
/ =~ — — k
I~
~_——
S

\

adaey)d

HATLIAAV

ININTINY TV %0¢

AZCR MIOIK]

(SH - O8H) ADNAYIAITY SA FAOHLOATH TAMD